In response to comments of the reviewers, we have performed the following new experiments and analyses, and added more discussion:
The manuscript by Yin et al. investigates the existence and subsequent role of autapses in neocortical pyramidal neurons. Using dual patch clamp electrophysiology, the authors found autapses in both rodent and human pyramidal neurons, which they showed enhanced burst firing, neuronal responsiveness and coincidence detection of synaptic inputs. This quality of the recordings are high, and the manuscript is generally well written. However, the impact of the findings is questionable, especially considering excitatory autapses have been previously reported in hippocampal pyramidal neurons (albeit in cultures).
We thank the reviewer for the evaluation of our recordings and the manuscript writing. We believe that our findings are novel and will enrich our understanding on the role of glutamatergic autapses in cortical functions. Indeed, previous studies reported that excitatory autapses are abundant in hippocampal pyramidal cells in culture systems.
[Redacted]
Since autapses could be hardly found in intact cortical tissue in previous studies, they are considered as wiring errors or aberrant and redundant structures if they do exist in the brain. In this study, we found that excitatory autapses selectively form in a subpopulation of neocortical PCs and play important roles in neuronal signaling.
The 'individual' aEPSC amplitudes are 5-10pA after addition of Sr2+ in the bath (Figure 2). However, the average aEPSC amplitude is reported as ~ 149 pA (Figure 4). Therefore, presuming linear summation of the EPSCs at the soma, that equates to at least 15 autapses. This is fivefold more than predicted via fluorescence imaging. Of course, this is hard to asses as the desynchronized amplitudes are not included in the text, but can the authors explain the discrepancy. Following from this, the manuscript is surprisingly lacking in detail. What is the average half width? Etc…
Since a particular synapse may have many release sites, we could not estimate the number of autaptic contacts from the aEPSC amplitude. We have now provided the average peak amplitude and half-width of the desynchronized aEPSCs in Sr 2+ -ACSF. These desynchronized autaptic events had an average peak amplitude of -19.3 ± 2.6 pA and an average half-width of 4.31 ± 0.38 ms (rise time: 0.91 ± 0.03 ms; decay time: 3.92 ± 0.40 ms). We also provided these values of human PC aEPSCs (average peak amplitude: -15.3 ± 1.3 pA; average half-width: 5.62 ± 0.15 ms; rise time: 1.09 ± 0.02 ms; decay time: 6.35 ± 0.32 ms). Please also note that the average peak amplitude was relatively larger than that (i.e. quanta size) in the experiment with TTX ( Figure 5 ). In the presence of TTX, the average peak amplitude of desynchronized PC-PC EPSCs was -7.96 ± 2.68 pA (n = 5), similar to those of aEPSCs (-8.49 ± 2.56 pA, t 8 = 0.14, n = 5, P = 0.89, two sample Student's t-test). We thank the reviewer for pointing out this. Indeed, an axon in close proximity to a dendrite (i.e. geometrical contacts) does not infer functional connectivity. In this study, we identified the putative autaptic contacts in cells stained with Alexa Fluo-488-conjugated avidin using procedures reported previously (Kalisman et al., 2005) . In 3-D reconstruction analysis (see Methods), we first identified the geometrical contacts, which are those without an obvious decrease in the fluorescence intensity between the axon and the dendrite. Only those geometrical contacts with axon boutons (i.e. axonal sites showing significant swelling of at least 3-fold the average axonal width) were considered as putative autaptic contacts. Identification of putative autaptic contacts was performed without knowledge of functional autaptic connectivity.
[Redacted]
Since this is a slice preparation, axons are severed (as clearly seen in figure  1a and Indeed, PC axons are cut at some point during slicing procedures. We performed analysis as suggested by the reviewer (see the figure showing below). We only found a weak correlation (R = 0.28, P = 0.06) between the number of putative autaptic contacts and the total axonal path length.
We have now changed the statement "putative autapses favored basal dendrites…over apical dendrites" to "most of the putative autapses formed at the basal dendrites (n = 24/28 contacts)"
As shown by Kole 2011, axotomy According to the suggestion from this reviewer and reviewer #1, we have now added more discussion to the manuscript about the mechanisms underlying the burst firing in neocortical pyramidal cells. A well-known mechanism is that the burst firing results from the activation of dendritic voltage-gated calcium channels upon the arrival of backpropagating action potentials (APs) (Williams and Stuart, 1999) . Voltage-gated sodium channels promote AP backpropagation to the apical dendrites and allow sufficient depolarization of the dendrites to reach the threshold of calcium spikes, which will facilitate burst firing. Previous studies also revealed an important role of persistent sodium current in burst firing (Franceschetti et al., 1995; Mantegazza et al., 1998) . Blocking (or enhancing) persistent sodium current could abolish (or promote) burst firing in layer-5 intrinsic bursting PCs.
A recent study (Kole, 2011) suggests that the activation of persistent sodium current at the first node of Ranvier (~100 μm away from the axon initial segment) may contribute substantially to the generation of high-frequency AP bursts . The burst firing in layer-5 PCs in neocortical slices would not occur if the axon was cut (axotomy) before the first node or sodium channels at the first node were blocked (Kole, 2011) . In Kole's study, the contribution of autapses could not be excluded since both experimental manipulations blocked AP conduction along the axon to reach the autaptic contacts.
[Redacted] 
The aEPSC amplitude is a summation of the activation of multiple synapses.
This is evident not only in the morphological reconstructions, but also the varying amplitudes of the aEPSCs. Do the authors know how many putative connections the PC-PC make? To be able to compare EPSC amplitudes, the authors should do Sr experiments in PC-PC pairs and not simply state that aEPSCs are comparatively giant.
According to the reviewer's suggestion, we have performed more recordings and morphological analysis from synaptically connected PC-PC pairs. We found that the average number of putative synaptic contacts between PCs is 1.14 ± 0.14 (n = 7 pairs), less than those of autaptic contacts per cell (2.80 ± 0.59). Our Sr 2+ experiments (in the presence of TTX) revealed that the average peak amplitude of desynchronized PC-PC EPSCs was -7.96 ± 2.68 pA (n = 5), similar to those of aEPSCs (-8.49 ± 2.56 pA, t 8 = 0.14, n = 5, P = 0.89, two sample Student's t-test). These results suggest that the relatively large aEPSCs could be due to more autaptic contacts and higher release probability (Fig. 4i) . We have now added these results to the revised manuscript.
More details are required in the introduction. It is confusing to talk about layers without talking about regions as different cortical regions have layers which receive information from different sources. Perhaps this explains the inconsistent observations stated in the introduction. Further, the data should be presented in a different manner where the kinetics and characteristics of the autaptic response is presented before their synaptic location.
We have now modified the introduction and clarified the cortical regions, age and species in those cited early studies. We agree with the reviewer that cortical regions may also explain the inconsistent observations on the abundance of autapse in neocortical PCs. The abundance of PC autapses in different cortical regions (even other brain structures), species and age remains to be further examined.
In accordance to the reviewer's suggestion, we have now presented the kinetics and characteristics of autaptic responses before the section of the autapse location.
The use of the terms 'corticocortical' and 'subcortically-projecting' PCs is misleading. Of course, the prefrontal cortex projects to other cortical regions than the ipsilateral PFC, and there are other subcortical targets aside from the habenula and pontine nuclei. Following from this, why were the habenula and pontine nuclei targeted for these experiments?
We have now changed the terms to "contralateral PFC-projecting (cPFC-projecting)", "habenula-projecting" and "pons-projecting". Since a large population of layer-5 PCs projects to many subcortical targets and we are not able to make a complete survey of these cells, we only examined those with relatively long axons projecting to habenula and pontine nuclei.
The authors conclude that autapses persist during brain development into adulthood in the main manuscript. Therefore, the age of the mice should also be reported in the main manuscript.
The ages of the juvenile and adult mice have now been reported in the main text and the methods section.
It is not clear, from supplementary figure 1, that the recorded cell was indeed labelled by the beads.
Higher magnification images of the cell bodies has been added to the figure. Please see the figure below.
In figure 1a , where were the putative autaptic contacts located in the example cell?
We thank the reviewer for pointing this out. We have now added arrows pointing to the location of autaptic contacts.
How did the amplitudes of the aEPSCs compare between human and mouse?
Since it is very difficult to obtain dual somatic and axonal recording from adult human PCs, we are not able to obtain unitary aEPSCs from human PCs. In this revision, we compared the average peak amplitude (human: -15.3 ± 1.3 pA, n = 4; Mouse: -19.3 ± 2.6 pA, n = 5) and the kinetics (human: rise 1.09 ± 0.02 ms, decay 6.35 ± 0.32 ms; mouse: rise 0.91 ± 0.03 ms, decay 3.92 ± 0.40 ms) of desynchronized aEPSCs obtained from human and adult mouse PCs in Sr 2+ ACSF.
Responses to Reviewer #3:
In Fig. 2 
the authors do not show actual autaptic responses obtained after capacitance cancellation and after subtracting traces before and after application of GluR antagonists. Inferring autaptic properties from Sr-dependent asynchronous release in response to AP trains can be indirect and problematic, as asynchronous autaptic quantal events will mix with spontaneous activity.
We thank the reviewer for pointing out this. Since it is not possible to obtain unitary aEPSCs before axotomy, we are not able to compare their waveforms before and after axotomy. However, we have now compared the peak amplitude and kinetics of spontaneous EPSCs (presumably arising from recurrent excitatory synapses) before and after axotomy. We found no significant change in the average peak amplitude (before: -17.5 ± 0.90 pA vs. after: -18.6 ± 0.80 pA, n = 21, P = 0.29, Wilcoxon signed-rank test. Please see the figure below), the rise time (1.10 ± 0.03 vs. 1.10 ± 0.04 ms, P = 0.75, Wilcoxon signed-rank test) and the decay time constant (5.28 ± 0.22 vs. 5.48 ± 0.29 ms, P = 0.43, Wilcoxon signed-rank test. New Supplementary Fig. 1 ). These results suggest that axotomy will not produce changes to autaptic responses. We have added these results to the revised manuscript.
In accordance to the reviewer's suggestion, we performed subtraction of the traces before and after the application of Kyn. The inset in panel-b (gray trace) is a result trace of subtraction (Control -Kyn), and that in panel-a is an expanded trace of the boxed region. We have now added this information to the new Fig. 2 .
In the Sr

2+
experiments that examined the properties of asynchronous aEPSCs, since the spontaneous EPSCs arose from recurrent synapses were very sparse (frequency: 0.69 ± 0.08 Hz, n = 5 cells), the probability of mixture of these spontaneous events with asynchronous autaptic quantal events in a time window less than 1 second was low. Very good suggestions from the reviewer. Indeed, it would be nice if we could examine the contribution of NMDAR to the unitary autaptic responses in the axotomy experiments. To do that, however, we encountered several technical difficulties. Since we perform dual soma and axon recording using normal internal solution (K + -based pipette solution), it is difficult to depolarize the somatic Vm to ~40 mV to remove Mg 2+ block of the NMDARs. It would be better if we could perform somatic recording using QX314-containing Cs + -based pipette solution (with voltage-gated Na + and K + channels blocked) and axonal recording using normal pipette solution (ensure action potential generation in the axon). However, axonal AP generation would be disrupted before axotomy because of diffusion of QX314 and Cs + into the axonal compartments. Re-patching the soma with QX314 and Cs + internal solution after regular dual soma-axon recording and axotomy, the axon recording is often destroyed because of mechanical instability during re-patching. We also tried experiments in a bath with Mg 2+ omitted but adding 100 μM D-serine or 10 μM Glycine (to enhance NMDAR activity), however, under these experimental conditions, slices generated noisy background synaptic activity and periodic epileptiform activity.
The authors measure a response latency of ~2ms, which is compatible with unitary connections between PCs, and which could perhaps allow showing autaptic EPSPs in current clamp. In this context, it is important that the authors should indeed measure how autaptic transmission changes spike waveform. The authors show two cell types with different AHP, but they did not directly test how autaptic transmission modify post-spike
Absence of NMDARs
According to the reviewer's suggestion, we have now examined the effect of NBQX, an AMPA receptor antagonist (more specific than CNQX). We found that the application of 10 μM NBQX could completely block the autaptic events (see the figure below). After drug application, the current noise level before and after the voltage pulse showed no significant difference (1.49 ± 0.21 vs. 1.61 ± 0.17 pA, n = 6, t 5 = -1.56, P = 0.18, paired Student's t-test).
We also followed the suggestions from the reviewer and delivered extracellular stimulation to evoke EPSCs in the recorded layer-5 PC. Since most of the recurrent excitatory synapses target the basal dendrites (similar to autapses), we chose to deliver minimal stimulation to the neighboring tissue at layer 5, instead of layer 1. We performed these experiments in a similar condition as aEPSCs in Sr Fig. 6f-g Fig. 6a-c. In the experiments shown in Fig. 6f-g Previous studies showed that intracellular BAPTA would reduce the slow after-burst hyperpolarization but exert no effect on intrinsic bursting in hippocampal pyramidal cells.
The experiments of
[Redacted]
We totally agree with the reviewer and appreciate the suggestion of experiments that directly investigate the role of autapse in regulating burst firing. Fig. 7a illustrates the experiment protocol: we repetitively stimulate the recorded cell with paired current pulses (1 ms in duration, 20 ms in inter-stimulus interval), the first pulse induces APs reliably, we varied the current of the second pulse. Exactly as suggested by the reviewer, we plotted the probability of obtaining a second spike in the absence and presence of GluR antagonist, Kyn. We found that blocking GluR reduced the probability of the second AP (Fig. 7b) . In addition, we also applied cyclothiazide (CTZ, 100 μM), a blocker of AMPA receptor desensitization, to enhance aEPSCs and found that the probability of the second AP was dramatically increased (Fig. 7b) . Since single brief current pulses could not evoke doublets and triplets (i.e. a second spike is uncommon in PFC PCs examined in our recordings), we were not able to examine the inter-spike interval within bursts. Please note that after each recording the recorded PC was bathed in Sr 2+ -ACSF to examine whether it possessed autaptic connections (by showing desynchronized autaptic events as in Fig. 2) . In the original submission, we only described these experiments as an examination of cell responsiveness to an immediate stimulation after AP generation. In this revision, we have now clarified this in main text. Markram … Sakmann J. Physiol. 1997, PMID: 9147328. 
Minor
This paper report an in-depth analysis of deep-layer cortical PC-PC connections.
We have now added this citation to the revised manuscript.
Line 303: "in intact tissue". Acute brain slices cannot be defined as intact. I would perhaps write ex vivo or in acute brain slices keeping a good degree of intact synaptic connectivity.
Corrected.
